Peripheral caries (PC) is an increasingly recognised equine dental disorder with unknown predisposing factors that differs from the well described maxillary cheek teeth infundibular caries. Advanced PC can lead to premature wear and fracture of cheek teeth and thus is of welfare importance. Recent studies have shown large variation in the prevalence of PC in different European countries, with a trend towards a greatly increasing prevalence. One hundred and one equine heads sourced from a Scottish rendering plant were examined for the presence and grade of PC using the modified Honma equine dental caries grading system. The presence of cheek teeth calculus, diastemata and fractures was also recorded. Peripheral caries was present in 91% of horses; only affected the cheek teeth and was predominantly (72.6%) Grade 1 Class 1 (localised pitting lesions only affecting cementum). The caudal three cheek teeth were more commonly affected (74.7% prevalence) as compared to the rostral three cheek teeth (32.1% prevalence). The palatal aspect of maxillary and the buccal aspect of mandibular cheek teeth were significantly (245% and 170%, respectively) more commonly affected by PC than the opposite sides. Female horses were more commonly affected than males. Because post-mortem examination allows the most detailed oral examination to be performed, this may partly explain the higher PC prevalence found in the current, as compared to previous studies, in addition to the particular population examined in this study.
Introduction
An imbalance of the complex bacterial biofilm that overlies normal teeth, probably influenced by environmental factors, can lead to these micro-organisms creating an acidic oral environment by fermentation of dietary carbohydrates (Borkent and Dixon 2017) . This acidic environment on the tooth surface, beneath the abnormal dental biofilm (that could now be termed dental plaque) can result in dental caries, which is defined as the decalcification of calcified dental tissues by microbial acids, with resultant microbial destruction of the organic matrix (Soames and Southam 2005) . Unlike brachydont dentition such as human teeth, the clinical crowns of (hypsodont) equine teeth are covered by a layer of peripheral cementum, a relatively soft calcified dental tissue that becomes decalcified at a less acidic pH (i.e. pH 6.7) than does the enamel (pH 5.5) covering the clinical crown of brachydont teeth. Consequently, peripheral cementum is the first calcified dental tissue to be affected by PC in equids. The rough dental surface created by PC damage may then allow plaque and food material to adhere more readily to it, thus promoting further PC (Gere and Dixon 2010) .
Damage or loss of the mechanically flexible cementum caused by PC can lead to decreased support for the underlying, hard but brittle enamel, thus predisposing to dental fractures (Dacre 2005) , as well as directly exposing enamel to the caries-inducing environment, possibly allowing caries of enamel, and later of the underlying dentine, or even pulpar infection and tooth death to occur. Recent studies (Gere and Dixon 2010; Ramzan and Palmer 2011; Rodrigues et al. 2013; Borkent et al. 2016) have shown PC to most commonly affect the caudal three cheek teeth (CT; Triadan 09s, 10s and 11s) indicating that a more cariogenic environment is present in the caudal aspect of the oral cavities of affected horses.
The aims of this post-mortem study were to determine the prevalence, intraoral distribution and severity of PC in a population of horses from southern Scotland and also to examine for possible relationships between the presence of PC with age, sex, head size and the presence of concurrent CT diastemata and fractures.
Materials and methods
The study was performed between March 2014 and December 2015 at The University of Edinburgh Veterinary School. Frozen heads from horses with unknown histories that had died or were subjected to euthanasia because of serious disorders, were collected from a southern Scottish rendering plant. Based on incisor appearance, the horse heads were placed into five age groups (0-5, 6-10, 11-15, 16-20 and >20 years) , and were grouped into horse or pony types based on head size. Sex was determined by the presence or absence of full-sized canine teeth. The sex of heads aged <6 years, without canine teeth could not be determined.
The heads were thawed out and then disarticulated at the temporomandibular joints to allow direct visualisation of all teeth. The oral cavities were hosed with water to remove loose food and each tooth was then visually examined and photographed on both sides of the crowns to allow a subsequent review of findings by a second observer. The presence and severity of PC (using the above-noted Honma classification system as modified by Dacre 2005 , Table 1 and Fig 1) on the buccal and lingual/palatal aspects of each cheek tooth and on the lingual/palatal and labial aspects of each canine and incisor tooth were recorded. The presence of PC, dental fractures, calculus and diastemata were also recorded.
Data were recorded and analysed using Microsoft Excel 2008 for Mac, Version 12.3.6. The outcome 'PC presence' was defined as any PC grade >0. The prevalence of PC was compared between: the rostral (Triadan 06-08) and caudal (Triadan 09-11) CT (from all teeth examined); horses with and without diastemata; horses with and without CT fractures; males and females; horses and ponies; and age groups using Chi-squared tests or Fisher's exact tests (when any of the group sizes were <5).
The prevalence of PC presence within individual horses was compared between: the rostral (Triadan 06-08) and caudal (Triadan 09-11) CT; the contralateral mandibular or maxillary rows; and between the buccal and palatal/lingual aspects of CT, using McNemar's tests to take matching (within horse) into account. Significance was set at P<0.05.
Results
The heads of 101 horses and ponies were examined, including 50 (49.5%) male, 42 (41.6%) female, with 9 (8.9%) too young to have their gender determined. Based on head size, 72.3% (73) were classified as horses, 25.7% (26) as ponies and 2.0% (2) were foals where adult head size could not be determined. The estimated ages were: 0-5 years, n = 17 (16.8%); 6-10 years, n = 16 (15.8%); 11-15 years, n = 20 (19.8%); 16-20 years, n = 19 (18.8%); and >20 years, n = 29 (28.7%). Only cementum affected: more severe peripheral caries with cementum completely lost in some areas, exposing the underlying discoloured (but grossly unaffected) enamel Grade 2
Cementum and underlying enamel are affected Grade 3
Cementum, enamel and dentine are affected Grade 4
Dental integrity is affected (i.e. secondary dental fracture present) 
Intraoral location of PC
In individual horses, there was no significant difference in PC prevalence between the contralateral mandibular or maxillary CT rows (P = 1 and = 0.480 respectively), or between maxillary and mandibular CT (P = 1). Maxillary CT PC was significantly (P<0.001) more prevalent on the palatal 51.3% (608/1186) vs. the buccal aspect 20.9% (248/1186) (Fig 4) . In contrast, PC prevalence in mandibular CT was significantly (P = 0.010) more prevalent on the buccal 49.1% (580/1181) vs. lingual aspects 28.9% (341/1181) (Fig 4) .
There was a 74.7% prevalence (864/1157) of PC in the caudal three CT (Triadan 09-11), which was significantly higher (P-value <0.001) than the 32.1% prevalence (388/1210) in the rostral three CT (Triadan 06-08) (Fig 5) . This difference between rostral and caudal remained significant (P-value <0.001) when taking matching within horse into account. Of two foals (<1 year old) with no caudal (permanent) CT 306B  306L  307B  307L  308B  308L  309B  309L  310B  310L  311B  311L  406B  406L  407B  407L  408B  408L  409B  409L  410B  411B  410L 411L 
Diastemata
Cheek teeth diastemata were present in 39/101 (38.6%) horses. The prevalence of PC in horses with CT diastemata 37/39 (94.9%) did not significantly differ (P = 0.476) from horses without CT diastemata 55/62 (88.7%).
Cheek teeth fractures
Cheek teeth fractures were present in 15/101 horses (4.9%), and all 15 had concurrent PC; the prevalence of PC in horses with CT fractures 15/15 (100%) was not significantly different (P = 0.349) from horses without CT fractures 77/86 (89.5%).
Sex
PC was present in significantly fewer (P = 0.030) male 44/50 (88.0%) than female 42/42 (100%) horses and was present in 6/9 (66.7%) of the horses that were too young to determine sex.
Size
The prevalence of PC presence did not differ significantly (P >0.999) between ponies 92.3% (24/26) and horses 91.8% (67/ 73).
Age
The prevalence of PC in the different age groups are presented in Figure 6 , with a prevalence of 76.5% in the 0-5 age group and 87.5% in the 6-10 age group. Every horse in the 11-15 and 16-20 age groups and 89.7% of the >20 age group had PC (Fig 6) . The prevalence of PC differed significantly between the age groups (Fisher's exact test, P = 0.01).
Calculus
Calculus was present on at least one cheek tooth in 8.9% (9/ 101) of horses, with a total of 26 CT affected. Calculus was only present on the buccal aspects of Triadan 06-08 teeth. Removal of calculus never revealed the presence of PC on the underlying clinical crown (Triadan 09-11; Figs 7 and 8).
Discussion
The 91% prevalence of PC found in this study is the highest reported to date. A high prevalence (69.4%) of PC was also recorded by Ramzan and Palmer (2011) in a UK clinical study using oral endoscopy in sedated horses. Borkent et al. (2016) found a prevalence of 51% in UK-wide clinical survey, where most oral examinations were performed using a headlight and dental mirror, a technique that is likely to be less sensitive than oral endoscopy. Although post-mortem examination allows the most detailed dental examination, this factor could not fully explain the very high PC prevalence (91%) found in this study, because PC lesions, especially on the palatal aspect of maxillary CT, even of the caudal three CT, would readily be detected during a competent oral examination using a dental mirror or endoscope. The equine heads used in the current study were obtained from a rendering plant, that collected horses that had died or were subjected to euthanasia on humane grounds for various disorders and so this particular population also likely influenced the high prevalence of recorded PC.
Gere and Dixon (2010) found a 6.1% PC prevalence in horses in a Swedish post-mortem study, which greatly differs from the current finding. Such interpopulation differences in PC prevalence are possibly due to different feeding and management between these Swedish and UK equine populations. Using similar clinical examination techniques to Borkent et al. (2016) , Rodrigues et al. (2013) found a PC prevalence of just 5.5% in Portuguese and Spanish donkeys that lived permanently at pasture. Previously, Pettersson (1988, 1990) found just a 0.9% PC prevalence in a Swedish post-mortem survey, which is hard to reconcile with the current findings. The higher prevalence of PC (10.2%) found in Swedish trotting horses compared to nonracehorses (1.3%) in the Gere and Dixon (2010) post-mortem study was hypothesised to be due to the feeding of haylage and high levels of concentrates to the former group which promoted an acidic oral environment and the development of caries. However, a recent UK-wide clinical survey found no relationship between PC prevalence and haylage feeding and only an association with certain level of concentrates (i.e. 2.1-3 kg/day) (Borkent et al. 2016) .
This study confirmed previous observations that PC more commonly affected the three caudal (74.7% PC) than the rostral three CT (32.1% PC) as recorded by Gere and Dixon (2010) , Ramzan and Palmer (2011) , Rodrigues et al. (2013) and Borkent et al. (2016) . It has been proposed that the more carious environment present in the caudal oral cavity of affected horses could be due to reduced salivary pH buffering in this area, as most equine salivary outflow is from the parotid salivary gland into the rostral oral cavity (Gere and Dixon 2010) . The study also found that CT calculus was only located on the buccal aspect of the rostral three CT adjacent to the parotid duct outflow; however, PC was never present beneath this calculus.
This study found that PC is more than twice as likely to occur on the palatal (51.3% PC prevalence) vs. the buccal (20.9%) aspect of maxillary CT, and in contrast on the buccal (49.1% PC) vs. the lingual (28.9% PC) aspect of mandibular CT, a previously unreported finding. The reason for these large differences in the predilection sites of PC between mandibular and maxillary CT is unclear, but may be related to the mechanics of food and saliva flow in the equine oral cavity, with resultant differences in food contact between the upper and lower CT influencing biofilm formation. Biochemical and microbiological studies at different intraoral sites could help explain the various intraoral differences in PC lesion distribution.
Although Borkent et al. (2016) found positive relationships between the presence of PC and some intercurrent dental abnormalities including CT diastemata, no difference in PC prevalence between populations with and without diastemata or dental fractures was found in this study. The very high overall prevalence of PC (91%) and limited size of the current population likely influenced this finding.
Equid dental health tends to decrease with age, as found by Du Toit (2008) in large populations of donkeys. Although PC prevalence was found to change with age in this study, the 11-20-year-old horses had the highest PC prevalence, indicating a nonlinear relationship to age unlike the findings of Du Toit (2008) . This finding may also be influenced by the relatively small sample in this study not being representative of the actual population, the source of the examined heads, the overall high PC prevalence and of age-related management changes such as retired horses being fed less concentrates and spending more time at pasture.
It is interesting that all female horses examined in this study had PC, whilst 12% of males did not. The small population size limits the value of this observation and it is not supported by a larger epidemiological study (Borkent et al. 2016 ) that found no sex-related difference in PC prevalence. Nevertheless, Lukacs and Largaespada (2006) suggested that Figure 7 , the underlying peripheral cementum shows no peripheral caries. [Colour figure can be viewed at wileyonlinelibrary.com]
